Recently, it has been confirmed that long duplex DNA molecules with sizes larger than several tens of kilo-base pairs (kbp), exhibit a discrete conformational transition from an elongated coil state to a compact globule state upon the addition of various kinds of chemical species that usually induce DNA condensation. In this study, we performed a single-molecule observation on a ____________
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An important goal in biological science is to clarify the mechanism of the self-regulation of transcriptional activity. Currently, many regulatory factors have been discovered, indicating that individual factors interact with certain regions by the recognition of specific sequences along long genomic DNA. It is considered that life is maintained through the use of very complicated networks composed of many key-lock relationships.
1,2 However, it is still unclear how, in living cells, it is possible to achieve a delicate control of numerous genes with such complicated networks. In a different field of research, cell biologists have been actively studying the relationship between morphology and function of chromatin, both in prokaryote 3 and eukaryote 4 , and have
shown that a marked morphological change is accompanied by a significant functional change such as differentiation, cell-cycle, and malignancy. Such large structural changes in chromatin have often been discussed in relation to the epigenetic modification of DNA and binding proteins like histone, in terms of methylation, acetylation, etc. 5, 6 On the other hand, for the past decade it has been established that giant DNA molecules larger than several tens of kbp exhibit a large discrete conformational transition between elongated coil and folded compact states 7 upon the addition of various DNA condensing agents including biochemical species. 8, 9 Thus, it is strongly suspected that this unique property of the folding transition of giant DNA should somehow be closely related to its biological function/activity. However, it have been some apparently conflicting studies on the biological activity of condensed DNA, [10] [11] [12] [13] [14] [15] [16] [17] suggesting that the manner of "condensation" of DNA
has not yet been adequately clarified biophysically. For example, it has been reported that "condensed DNA" shows rapid cyclization 10 and also higher transcriptional activity, 11 compared to the uncondensed DNA. In contrast, the inhibition of transcription 12 and depression of the activity of endonuclease 13 have also been reported. In the present article, we report our results in the direct observation of the on/off change of transcriptional activity induced by the folding/unfolding transition of a giant DNA in the presence of a biological polycation, spermine (4+).
We used Lambda ZAP II DNA (see Fig.1 of T7 RNAP were added under gentle stirring, the solution was incubated at 37ºC for 30 min. To avoid aggregation of DNA molecules, the concentration of DNA was adjusted to be very low; around 10 ng/mL  Although RNAP activity on a single DNA molecule has been observed in a variety of adroit ways in previous trailblazing researches, [18] [19] [20] [21] here we used very simple and concise procedure to visualize both of the DNA conformation and its transcripts: after the transcriptional reaction, we elongated DNA molecules on the glass surface by gentle shear stress. 22 Fig. 1(A) , the intensity distribution of fluorescence emitted from DAPI is given as a quasi-3D representation. In Fig. 1(A) , the unfolded stretched state of DNA (a) is obtained as described above. The red spot in the upper left picture in Fig. 1(A) indicates the active production of RNA, where fluorescence from BODIPY is observed. In contrast, no red fluorescence is emitted from the folded compact DNA, as shown in the upper right picture in Fig. 1(A) . giant DNA. 24 The high density present in a globular conformation should prevent the binding of enzymes (here RNA polymerase) to DNA, which could lead to a total inhibition of transcriptional activity. Table I indicates that the relative activity decreased from 0.60 at 200 µM spermine to 0.00 at 700 µM spermine. The abrupt change in density, with a discrete conformational transition, is the direct cause of the on/off switching of transcriptional activity. The present study shows that DNA transcription undergoes an on/off change that is accompanied by the conformational transition of DNA, which is induced by a small change in the solution; i.e., the spermine concentration in the present study. It has been reported that a small change in concentration such as of a 1:1 salt, RNA and ATP, can cause a large discrete transition in the conformation of giant DNA. 24 Such a conformational transition in giant DNA can cover a large genetic region, possibly including tens or hundreds of genes. Thus, it is strongly suspected that such a conformational transition corresponds to the opening/closing of a folder that contains several genes.
In the present study, we have shown that transcription is completely inhibited upon compaction. In contrast to this inhibitory effect, it has been reported that transcriptional activity was promoted by the condensation on small circular plasmid DNA molecules. 11 Circular DNA with superhelicity tends to undergo a continuous-type folding transition 25 in contrast to the discrete conformational transition of linear giant DNA 7 : circular DNA exhibits a stepwise collapse, which causes local stress along double-stranded DNA chains.
It is expected that the generation of such local stress in circular DNAs induced by the collapsing transition may be associated with the enhancement of enzymatic activity, through weakening of the double-strand structure. A similar discussion may be applicable to the genetic activity in a loop attached to a scaffold in giant genetic DNA in chromatin, 4 although the other factors such as topoisomerases and SMC proteins, etc., are also considerable. Since the folding 
